Introduction: Rheumatoid arthritis (RA) is a chronic inflammatory systemic autoimmune disease. Lung disease has been recognized as a common complication of RA. Omega-3 is an essential fatty acid with wide range of activity. Aim of the work: To investigate the possible therapeutic role of omega-3 free fatty acid on the structure of ankle joint and lung in a model of adjuvant-induced RA in rats. Materials and Methods: Thirty adult male albino rats were divided into three groups; Group I served as a control group. Group II was used as a model of RA. Rats of this group were given single subcutaneous injection of 0.1ml of complete Freund adjuvant in their hind paws. Group III (omega 3-treated group), omega-3 was given in as a dose of 300 mg/kg orally administered after two weeks of RA induction and continued daily for another two weeks. The ankle joint and the lungs from all groups were dissected out after two and four weeks and processed for light microscopic examination. Histomorphometric studies and statistical analysis were also done. Results: RA was confirmed histologically in the ankle joint after two weeks and was aggravated after four weeks. Erosion of articular cartilage and mononuclear cellular infiltration in the synovium were noticed in both time points. Moreover, the lungs after two weeks showed focal inflammatory cellular infiltration and pulmonary fibrosis that were more evident after four weeks of untreated RA. This was associated with significant increase in the mean area percentage of collagen fibers and number of cells positive for TNF-α immunohistochemical reaction compared to the control group. Omega-3 treated group illustrated improvement of both ankle and lung structures. Conclusion: Omega-3 significantly ameliorated the structural damage of ankle joint and lung after RA induction.
INTRODUCTION
Rheumatoid arthritis (RA) is a common autoimmune disease [1] affecting about 0.05-1% of the human population worldwide [2] , with 0.2% prevalence in Egypt [3] . The number of patients suffering from RA worldwide is expected to increase from 46 million in 2005 to 65 million in 2030 [4] . It induces a massive burden on health services worldwide [2] . It is often associated with chronic disability, early mortality, systemic complications, and it has a high socioeconomic burden on whole society [1] .
Although joint disease is the most common presentation of RA, there are many extra-articular manifestations including subcutaneous nodule formation, vasculitis, inflammatory eye disease and lung disease. Of these manifestations, lung disease is a major contributor to morbidity and mortality. In some cases, respiratory symptoms may precede articular symptoms. Pulmonary complications account for 10 to 20% of mortality in RA patients. The pleura and the airways, as well as the interstitium and vasculature of the lung can be affected [5] . Progression of parenchymal lung disease results in impaired oxygen transfer and scarring within the lungs [6] .
Lung fibrosis that complicates RA is treated with corticosteroids together with cytotoxic agents which have numerous side effects. The anti-fibrotic efficacy of immunosuppressive agents is limited, and the results of long term survival rates are extremely poor with the current therapeutic approaches. Currently, the only effective treatment available for progressive lung fibrosis is lung transplantation. Therefore, new drugs are needed with better efficacy and tolerability for pulmonary fibrosis that complicates RA [7] . Recently, researchers are directed towards traditional system of medicine for the discovery of drugs with minimal side effects [8, 9] . Furthermore, over the past several years evidence has been growing on the benefits of dietary fats on bone health. It was also reported that some dietary supplements, as n-3 polyunsaturated fatty acid, can be involved in bone metabolism [9, 10] .
Omega-3 fatty acids are a group of poly-unsaturated fatty acids with multiple double bonds. It is mainly gained from seafood consumption [10, 11] . Omega-3 fatty acids are essential fatty acids that cannot be manufactured by the body, consequently, they must be obtained from food or taken as supplements. They are found mainly in fish oils (salmon and tuna fish), canola oil and walnuts [12] . They have long been known to possess a wide range of beneficial effects, including the treatment of various forms of chronic inflammatory diseases [11] .
Hence, in the present study we hypothesized that supplementation with omega-3 free fatty acid might be a valuable therapeutic approach to improve histological structure of ankle joint and lung in a rat model of adjuvant induced RA.
MATERIALS AND METHODS
The experiment was conducted on thirty adult male albino rats weighing 170-200 gm. Animals were purchased from animal house, Faculty of Medicine, Ain shams University. They were housed in clean wire mesh cages and had free access to standard chow diet and tap water in the scientific research center, Faculty of Medicine, Ain Shams University. All the experimental procedures were carried out according to the recommendation and the guidelines of the institutional animal ethics committee at Faculty of Medicine, Ain Shams University. Animals were carefully selected free from: gait disorders, swollen joints or limps. After seven days of acclimatization, animals were randomly divided into three main groups:
Group I: (Control group): This group was further subdivided into two subgroups six animals each: Subgroup Ia: received a single subcutaneous injection of 0.2 ml normal physiological saline (0.9% sodium chloride) [which was the solvent of complete Freund's adjuvant (CFA)] in the metatarsal footpad of left hind paw using insulin syringe (Ameco, Egypt, Tenth of Ramadan City, Egypt) in day zero of the experiment. Animals were then divided equally to be sacrificed after two and four weeks from the injection. Subgroup Ib (Omega-3 group): Rats of this subgroup received single subcutaneous injection of normal saline in the same site and dose as in subgroup Ia. After two weeks, they were given 300 mg omega-3/kg orally once daily by intragastric tube [13] , and then they were sacrificed after further two weeks.
Group II: (RA group): It included twelve rats. Arthritis was induced in rats of this group by single subcutaneous injection of 0.1ml of CFA suspended in 0.2ml normal saline in the metatarsal footpad of left hind limb using 1 ml insulin syringe [14] . The day of injection was considered day zero. Rats were then divided into two subgroups six animals each: Subgroup IIa (early RA): rats were left without any treatment then they were sacrificed after two weeks from the injection of CFA. Subgroup IIb (late RA): rats were left without any treatment then they were sacrificed after four weeks from the injection.
Complete Freund's adjuvant (Sigma-Aldrich, St. Louis, MO, USA) was purchased as non-metabolizable oils (paraffin oil and mannide monooleate) containing 1mg/ml heat-killed and dried Mycobacterium tuberculosis.
Group III: (Omega-3 treated group): This group included six rats. After induction of arthritis as in group II, rats of this group were left without treatment for two weeks. Then they were treated with 300 mg omega-3/ kg once daily orally by intragastric tube for further two weeks [13] , and then they were sacrificed (i.e. after four weeks from the beginning of the experiment).
Omega-3 used in this study was in the form of gelatinous capsules containing 1ml omega-3 fatty acids in the form of fish oil (Kirkland signature dietary supplements). Each capsule was evacuated carefully by 1 ml insulin syringe and was given to rats at a dose of 300 mg/kg (equivalent to 0.02 ml fish oil /rat) once daily by an intra-gastric tube [15] .
All injections were preceded by sterilization of the skin of left hind paw with Betadine antiseptic solution.
Histological assessment:
Sample collection and preparation:
Animals were sacrificed after ether inhlation at the aprpopriate time.
1-The ankle joint
The right hind limb was dissected, trimmed of skin and muscles, digits were removed, and ankles were fixed in 10% buffered formalin for two days. Decalcification was done in the chelating agent ethylene diamine tetra acetic acid (EDTA) (5.5 g EDTA in 90 ml distilled water and 10 ml formaldehyde 37-40%) for one month. EDTA was renewed every two days until the specimens were completely soft and decalcified. The ankle joints were cut longitudinally in a sagittal plane along the central line. Specimens were then dehydrated, cleared, and embedded in paraffin. Sectioning was done at five µm thickness with subsequent staining with H&E [16] .
2-The Lung
Thoracotomy was done by lifting the sternum and cutting the ribs on both sides at their attachment to the costal cartilage. Intratracheal instillation of 0.5 ml 10% formalin was done till the lungs fill the chest cavity [17] . The upper lobe of both lungs was taken and fixed immediately in 10% formol saline solution and were then processed to obtain paraffin sections of five μm thickness. Sections were subjected to H&E stain and Mallory's triple stain [16] . Other sections were cut on positively charges slides and were stained with avidin-biotin peroxidase for demonstration of inflammatory cells immunoreacted to tumor necrosis factor-alpha (TNF-α) then the sections were counterstained with Hx [16] . Polyclonal antibody against TNF-α (dilution 1:100) was purchased from R&D Systems (Minneapolis, Minnesota, USA). Positive reaction appeared as brown cytoplasmic reaction. Negative control was done by omitting the step of primary antibody, and positive control was done by using thymus tissue section.
Morphometric study and statistical analysis
Specimens of the lungs were analyzed using an image Leica Q win V.3 program installed on a computer in the Histology and Cell biology Department, Faculty of Medicine, Ain Shams University. The computer was connected to a Leica DM2500 microscope with built-in camera (Leica Microsystems GmbH, Ernst-Leitz-StraBe, Wetzlar, Germany). Ten specimens from six different rats of each subgroup were examined (n=10). From each specimen, five different captured non-overlapping fields were taken. Five different readings from every captured photo were counted and the mean was calculated for each specimen. Measurements were taken by an independent observer blinded to the specimens' details to perform an unprejudiced assessment.
The following parameters were measured:
(1) The mean of area percentage of collagen fibers using Mallory trichrome stain.
(2) The mean count of (TNF-α) positive brownish cells.
All the measurements were taken at high-power fields of magnification (×400).
Statistical analysis
All data were collected, revised, and subjected to statistical analysis using one-way analysis of variance performed with SPSS.21 program (IBM Inc., Chicago, Illinois, USA) analysis for variance (ANOVA)-one way analysis and post-Hoc least significant difference (LSD). The significance of the data was determined by the P value. P values greater than 0.05 were considered non-significant, and P values less than 0.05 were considered significant. Summary of the data was expressed as mean + standard deviation (SD).
RESULTS

Gross observation and gait
Injection of CFA into the footpad of the left hind paw resulted in an initial acute inflammation, redness and swelling that appeared on the ipsilateral paw on the same day of the injection and persisted for 10 days (Figs.1a and 1b). This was followed by a chronic polyarthritic phase involving the other three paws, which started on day 10 and persisted for the entire period of the experiment.
Gait was checked visually. In RA group, all the animals were limping and inactive starting four days after injection. In omega-3 treated rats the gait was minimally affected.
Histological results
Subgroups of the control group showed nearly the same histological appearance in all studies performed.
I-Ankle joint
Histological examination of H&E stained sections of control (group I) showed the ankle joint with its two surfaces (tibial and talus) separated by the joint cavity. On both side, bones were covered by hyaline cartilage (articular cartilage) with regular smooth surface lacking the covering perichondrium. The articular cartilage was formed of four zones: a superficial tangential zone contained elongated chondrocytes with their long axis parallel to the surface; a second middle zone (transitional zone) that contained scattered more rounded chondrocytes; a third zone (radial zone) having spherical chondrocytes arranged in a columnar manner perpendicular to the surface; and a fourth zone (calcified zone) with scattered chondrocytes bounded superiorly by tidemark line, then underneath the calcified zone there was the subchondral bone ( Fig. 2) . The synovial membrane was formed of intima and stroma. The intima was formed of macrophage-like synoviocyte type A and fibroblast-like synoviocyte type B while; the stroma was formed of fibro-adipose connective tissue containing collagen fibers, many adipocytes and few blood vessels (Fig. 3) .
Examination of H&E stained sections of early RA (subgroup IIa) showed irregular surface (erosions) of the articular cartilage with loss of its smooth contour. In addition, the tidemark line was faint in some areas while it was absent in other areas with absence of calcified cartilage. Empty lacunae and chondrocytes with pyknotic nuclei were also noticed (Fig. 4) . The synovial membrane showed apparent increase in the number of macrophagelike synoviocyte type A and mononuclear cellular aggregations. Apparent increase in the collagen fibers between the adipocytes in the stroma was also noticed (Fig. 5) .
Meanwhile, examination of H&E stained sections of late RA (subgroup IIb) showed focal areas of destruction of articular cartilage while other areas showed an apparent decreased thickness of the articular cartilage compared to the control group with loss of basophilia and faint tidemark. Furthermore, degenerated chondrocytes with pyknotic nuclei and some empty chondrocytes' lacunae were frequently noticed. Areas of destruction of the underlying bone were also detected (Fig. 6 ). The synovial membrane showed focal disruption of the cells lining the intima. Mononuclear cellular infiltration was frequently noticed between dilated congested blood vessels in the stroma (Fig. 7) .
Administration of Omega-3 fatty acids (group III) exerted an ameliorating effect on the joint structure after induction of arthritis. The articular cartilage appeared with basophilic matrix containing chondrocytes inside their lacunae with an apparent increased thickness compared to subgroup IIb. Nevertheless, few areas of the articular cartilage were still seen with slight irregularity of its surface (Fig. 8) . Moreover, the synovial membrane showed mild increase in the intimal thickness (Fig. 9 ).
II-Lung:
Examination of H&E-stained sections of control group showed the lung formed of alveoli separated by thin interalveolar septa, alveolar sacs, alveolar ducts, bronchioles, bronchi, and blood vessels. Alveoli and alveolar sacs were lined by two types of cells. Type-I pneumocytes were flat with flattened nuclei, and type-II pneumocytes were cuboidal with rounded nuclei. The bronchi were lined by pseudostratified columnar epithelium, which gradually decreased to become columnar and cubical in the small bronchioles. Lamina propria was seen under the epithelium. Bundles of smooth muscles and adventitia were also noticed surrounding the mucosa (Fig. 10) .
Examination of H&E stained sections of early RA (subgroup IIa) showed inflammatory cellular infiltration in the lung interstitium, lamina propria of the bronchi and surrounding the bronchi. Some alveoli were narrowed and blood vessels appeared congested with thickening of their wall. Eosinophilic exudates and extravasations of red blood cells in the inter-alveolar septa were frequently seen. Cellular debris was also noticed in the lumen of some bronchi (Figs.11, 12 ). Numerous goblet cells were seen in the lining of some bronchi (Fig. 12) . While, examination of H&E stained sections of late RA (subgroup IIb) showed thickened inter-alveolar septa with obliteration of most alveoli and dilatation of others. Inflammatory cellular infiltration and multinucleated giant cells were noticed in the lung interstitium (Fig. 13) . However, some areas showed narrowing of some alveoli and dilatation of others. Whorly cellular acidophilic plugs were sometimes noticed (Fig. 14) . Moreover, most bronchi showed areas of partial loss of the epithelial lining. Their wall was heavily infiltrated with inflammatory cells. Cellular debris and inflammatory cells could be also seen in their lumen (Fig. 15) .
Alternatively, administration of Omega-3 fatty acids (group III) exerted an ameliorating effect on the lung structure. There were focal areas of thickened inter-alveolar septa with inflammatory cellular infiltration and apparent increase of the number of pneumocyte type II. Moreover, the lining epithelium of the bronchi was nearly comparable to that of the control group. While few inflammatory cells were noticed surrounding the bronchi (Figs. 16, 17) In Mallory's trichrome-stained sections, few collagen fibers were seen in the interalveolar septa, in the lamina propria and adventitia surround the bronchi in the control group (Fig. 18) . In early RA (subgroup IIa), many collagen fibers were seen in the lamina propria and around the wall of bronchi (Fig. 19) . Meanwhile, sections of late RA (subgroup IIb) showed increased collagen fibers in the interalveolar septa as well as around the bronchi (Fig. 20) . While, in group III some collagen fibers were seen in the interalveolar septa as well as around the wall of bronchi (Fig. 21 ). This was confirmed by the present histomorphometric results (Table1, Histogram 1).
In immnohistochemical analysis for TNF-α, sections from the control group showed very few cells with positive immune reaction in the lumen of some alveoli (Fig. 22) . However, in subgroup IIa some cells with positive immune reaction were seen in inter-alveolar septa (Fig. 23) . Meanwhile, in subgroup IIb, many cells with positive TNF-α immune reaction were seen in the septa and inside the alveoli (Fig. 24) . Whereas, sections of group III showed few cells with positive immune reaction for TNF-α, in inter alveolar septa (Fig. 25) . This was confirmed by the present histomorphometric results (Table1, Histogram 1).
Histomorphometric results (table 1 and histogram 1):
The mean area percentage of collagen fibers and the mean number of TNF-α positive cells in subgroup IIa showed a significant (P<0.05) increase compared to control group. In subgroup IIb a significant increase was noticed compared to control group, subgroup IIa and group III. While group III showed a significant increase compared to control group and a significant decrease compared to subgroups IIa and IIb. Avidin-biotin peroxidase for TNF-α X 400 
DISCUSSION
Rheumatoid arthritis is a common severe systemic inflammatory disorder affecting all age groups. It commonly affects the joints, causing progressive, symmetric, erosive destruction of cartilage and bone, which is usually associated with autoantibody production [3] . Induction of autoimmune disease by Complete Freund's adjuvant (CFA) in rodents, gives a pathological picture closely related to that seen in RA patients. Furthermore, it is one of the standardized methods for induction of RA [8, 18] . CFA is inactivated dried mycobacteria which is responsible for stimulation of cell-mediated immunity that ultimately increased the production of certain immunoglobulins [19] .
The adjuvant induced arthritis used in the current work showed some gross manifestations of RA as redness, swelling and limping in all paw joints. In addition, RA was confirmed histologically by light microscopic examination of ankle joints in subgroup IIa and progressed after four weeks of RA induction in subgroup IIb. This agreed with previous studies which established that RA developed after two weeks [20] and progressed after four weeks of RA induction [21, 22] .
Faint tidemarks were noticed in the current study in group II. This might be due to impaired growth of cartilage. It was previously reported that turnover of articular cartilage occurs by replacement of calcified cartilage by bone. The calcified cartilage remains the same thickness throughout life as tidemark (calcification front) continues to advance into the noncalcified cartilage at a slow rate, which is in equilibrium with the rate of absorption of the calcified cartilage from the subarticular bone [23] .
In this work, effect of RA on the lung was evident by H&E, Mallory's trichome and TNF-α examination. The findings were seen to be aggravated after four weeks of RA induction, which were correlated with our findings of ankle joint. In agreement, previous investigators linked RA to interstitial pulmonary diseases [24, 25] . Interstitial lung disease was reported to be a common extra-articular manifestation of RA and was more likely to cause morbidity and mortality. In some cases, lung findings were noted prior to the onset of synovitis [22] .
Several mechanisms were implicated in the pathology of RA that might concurrently lead to joint and pulmonary structural changes. Initially, immune complex formation appeared to be a crucial step allowing access of autoantibodies to the synovium [26] . These blood-circulating immune complexes might lead to increased vascular permeability, allowing invasion of inflammatory cells into the joint tissue [27] . Moreover, immune complex deposition co-localizes with complement component, eventually resulted in ongoing synovitis [28] . Inflammation of both joints and lungs resulted from an overwhelming influx of mediators and activated immune cells generated by the systemic inflammatory reaction elicited by CFA. The role of CFA in experimental protocols of auto-immunity depends not only on potentiating formation of autoantibody and specific T-cell immunity, but also on creating a systemic and local inflammatory background allowing for specific immunity to focus on specific locations such as joints as well as lungs [5] .
Oxidative stress was implicated as a mechanism of RA by producing nitric oxide (NO) and inhibition of cell respiration. This inhibition might occur by binding of NO to cytochrome C oxidase leading to hypoxia. Hypoxia in turn induces angiogensis and production of pro-inflammatory cytokines [29] . Proliferation of synoviocytes was noticed in the current study. It was reported synoviocytes proliferation was implicated in the pathogenesis of this damaging autoimmune chronic inflammatory disease [27] . Meanwhile, Inflammatory cells as polymorph nuclear leucocytes and macrophages can release a large amount of reactive oxygen species into the surrounding tissue, leading to impairment of structure of the cartilage [30] . In addition, it was demonstrated that in RA, macrophages, fibroblast-like synoviocytes and activated T cells produced pro-inflammatory mediators, as interleukin-1 beta (IL-1β) and TNF-α, which played key roles in the pathogenesis of RA [31] . These cytokines might be involved in promoting inflammation, synovial tissue hyperplasia and osteoclast differentiation [32] . Also, IL-1β and TNF-α might stimulate chondrocytes and osteoclasts to release the cartilage and bone-destroying metalloproteinases [33] . This might explain erosion and destruction of the articular cartilage and the underlying bone detected in the present study in both subgroups IIa and IIb, respectively.
In addition, IL-6 was reported to promote local leukocyte activation and autoantibody production. It was considered as an important mediator of the systemic effects of RA patients [34] . Furthermore, these inflammatory mediators also played a significant role in both the initiation and progression of pulmonary fibrosis as they released selected cytokines (IL-4, IL-13, and TGF-β), chemokines, and growth factors. These mediators promoted fibroblast differentiation and proliferation, providing a probable link between inflammation and fibrosis. At the same time, matrix metalloproteinases (MMPs) elaborated from damaged epithelia promoted activation of cytokines and pro-fibrotic mediators, contributing to the link between inflammatory cascades and tissue remodeling pathways. Angiogenesis also played a contributory role in this process, again with direct links to both inflammation and fibrosis [35] . These findings agreed with our results, as a significant increase in the mean area percentage of collagen fibers was noticed in lungs in both subgroups IIa and IIb. Furthermore, biopsy from patients with pulmonary fibrosis displayed elevated levels of TNF-α [7] , which, coincide with the significant increase in the number of positive TNF-α cell in both subgroups IIa and IIb. In the current study, the presence of TNF-α in lung was an indicator of pulmonary inflammation and fibrosis.
In this work, increase number of goblet cells in the bronchi, obliteration of most alveoli and compensatory dilatation of others were noticed in focal areas in the lung of subgroup IIb. This could be explained by some authors who reported that inflammation of the bronchi might lead to increased mucus secretion (chronic bronchitis) and destruction of lung parenchyma with subsequent emphysema [36] . Additionally, whorly cellular acidophilic plugs were also noticed in pulmonary interstitium in our study in subgroup IIb. Some investigators explained that this pattern is considered a type of organized pneumonia that has been described as a manifestation of all connective tissue diseases including RA. They described this pattern as plugs of fibroblasts embedded in immature collagenous matrix within alveolar spaces or alveolar ducts [37] .
Administration of omega-3 fatty acid had a significant therapeutic effect on the structure of both ankle joint and lung consistent with previous studies whereas omega-3 supplementation in patients with RA resulted in a significant improvement in the clinical symptoms of RA and a decrease in NSAID requirements [10, 38] .
Moreover, omega-3 has a strong anti-inflammatory effect [38] and it also decreased proinflammatory cytokines including IL-1β, IL-6 and TNF-α. In addition, omega-3 was found to produce immunomodulatory substances as prostaglandins, thromboxanes and leukotrienes through direct effects on their transcription regulation [39] . Other investigators attributed the anti-inflammatory action of omega-3 to their production of the lipid mediators' resolvins and protectins [38] . Whereas, resolvin inhibited IL-1β production, reduced inflammation and protected experimental animals in models of inflammatory disease including arthritis. Similarly, protectin inhibited IL-1β, and TNF-α production [40] . In context, a significant decrease in the number of cells with positive TNF-α immunehistochemical reaction was noticed in group III compared to subgroups IIa and IIb. Meanwhile, there was an apparent increase in the number of type-II pneumocyte in group III. This was explained by some investigators who reported that proliferation and hyperplasia of type-II pneumocytes was considered an important marker for restoration of both types of alveolar cells during lung injury and repair [41] .
The anti-fibrotic effect of omega-3 obtained in this work may be explained as omega-3 decreased MMPs and inhibited TGF-β-induced epithelial mesenchymal transition process [39] .
CONCLUSION
RA has deleterious effects on ankle joint and caused structural damage to the lung. However, early omega-3 administration ameliorates lung damage by exerting anti-inflammatory and antifibrotic effects. Consequently, omega-3 could have potential therapeutic implications in early RA.
Further studies on the effects of omega-3 on other organs are recommended to fully clarify its potential therapeutic role in autoimmune diseases.
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